In newborn and nursing pigs, respiratory distress is more pronounced. Older nursing pigs develop a characteristic respiratory disorder called "thumping," caused by interstitial pneumonia. Other signs include mouth breathing, listlessness, lateral recumbency, paddling, nasal discharge, sneezing, central nervous system signs, and vomiting. 40 Diarrhea and polyarthritis may also be present. Preweaning mortality may reach 50-60% because of starvation and diarrhea. An increase in neonatal mortality is associated with weak-born pigs that can die of starvation and with crushing. Weaned pigs experience increases in respiratory distress, mortality, and secondary infections (scours and atrophic rhinitis) and decrease in performance. 62, 78 Breeding pigs experience transient anorexia for 4-7 days, listlessness, and fever (104-106 F). Reproductive failure is characterized by increases in late term abortions, stillbirths (50-70%), and premature farrowings (5-7 days early). Stillborn fetuses in affected litters are often autolyzed and edematous and have tan-brown discoloration of the skin. Mummified fetuses are seen occasionally, and live-born pigs are small and weak. Sows of all parities are affected. The recovery starts in 2-3 weeks and is characterized by a poor conception rate (up to 50% reduction) and a slow return to heat. 26, 36 In some cases, breeding herd performance returns to normal following the outbreak, but in others, the bornalive litter size consistently remains below the preepidemic levels. 28 Infected boars show inappetence, depression, lethargy, fever, and respiratory signs. 41 A temporary decrease in semen quality characterized by a decrease in the number and motility of spermatozoa may also occur. 7, 26 The piglets that survive an epizootic perform poorly through weaning. The prevalence and severity of other diseases such as atrophic rhinitis, enzootic pneumonia, Streptococcus suis, Haemophilus parasuis, Actinobacillus pleuropneumonia, and Salmonella may also increase, especially if the farm is poorly managed. There is an increase in respiratory illness in nurseries that leads to high mortality. Low farrowing rates, chronic farrowing house problems, poor appetite in sows, increased incidence of diarrhea, and poor weaning weights are also common. 40 Pigs in infected herds may remain seropositive for several months after the outbreak. They may also remain infective after the clinical signs disappear, as is evidenced by the seroconversion of sentinel pigs placed in infected herds 6 weeks after the cessation of clinical signs. 7 In another experiment, young pigs became seropositive when commingled with sows that had been infected with PRRSV (ISU-P strain) 99 days earlier. 79 Current status After peaking in 1988-1989, the number of acute outbreaks of PRRS have declined, and the disease has now become endemic in the USA and Europe. Infected animals appear to acquire protection and are resistant to further episodes of acute PRRS for at least 6 months. However, some farms are now believed to be re-breaking with the disease, possibly because of short-term immunity or because of the existence of different PRRSV strains (J. E. Collins, personal communication). Recovered farms may experience a chronic form of the disease, which is characterized by high nursery mortality and poor performance, for many months. The problem in these pigs begins 10-14 days after weaning. 37 If weaned in isolated nurseries, the problem is delayed until these pigs are exposed to older pigs. attention. However, none of these agents was proven Secondary bacterial infections may lead to broncho-to be the cause of PRRS because 1) none of them were pneumonia with fibrinous pericarditis. Microscopic le-consistently isolated from infected swine herds, weaksions consist of interstitial histiocytic pneumonia, the born pigs, or stillborn fetuses, 2) none of them propresence of necrotic cell debris in alveoli, and other duced respiratory and reproductive syndromes similar lesions characteristic of secondary infection(s). The to field cases of PRRS, and 3) no consistent seroconmorbidity is 70%, and mortality may reach 15-25%. 37 version to any of these agents was observed in infected Incoming naive gilts may experience high repeat-service rates and an increase in secondary infections. In initial stages, PRRS disrupted the export of pork, semen, and breeding stock from many countries. However, because of the continuing spread of the disease despite adequate control procedures and a trend toward less severe reproductive effects, PRRS control measures in the European Community have now been abandoned. 5, 8, 10 herds.
Dutch researchers isolated a virus from 2-10-dayold piglets and from 41 of 63 sows and designated it as the Lelystad virus (LV). 67, 74 This virus did not react with antisera against common porcine viruses. An overwhelming antibody response against this virus was reported in infected sows, e.g., 123 of 165 (75%) sows had anti-Lelystad antibody, but no seroconversion against EMCV or PEV was demonstrated. The symptoms of mystery swine disease were successfully reproduced in 8 pregnant sows by aerosol exposure to Lelystad virus. Agents isolated from this disease condition in Spain, Germany, and England were subsequently found to be serologically related to the Lelystad virus. 7, 73 Lesions Although lungs are a major target organ for PRRS virus, they frequently appear grossly normal in cases not complicated by secondary bacterial infections. 20 A mild, diffuse, tan-gray discoloration of the lung surface may be present. Microscopically, affected lungs reveal a characteristic pattern of histiocytic interstitial pneumonitis. 20,60 Microscopic lesions in nasal turbinates consist of rhinitis and are characterized by loss of cilia, epithelial cell degeneration, and accumulation of lymphocytes and plasma cells. Lymphomononuclear vasculitis in the brain and heart of young pigs from field and experimental cases has been suspected. 20 Microscopic lesions in stillborn and mummified fetuses and in placenta are uncommon. 19 When present, they consist of a few lymphocytes and plasma cells in myometrium.
Lymphoid depletion in spleen, thymus, tonsil, and mesenteric lymph node was reported in 1 study. 60 However, recent studies indicate necrosis, cystic degeneration, hypertrophy, and hyperplasia of lymph nodes in neonatal pigs and young pigs (K. D. Rossow et al., unpublished) . Hyperplasia of lymph nodes and spleen was also reported by Ohlinger et al. 54 
Agents
Because the etiology of PRRS was unknown, it was commonly referred to as the mystery swine disease in the USA. Later, many different agents were incriminated as the causative agents of this disease, including an antigenic variant of type A influenza virus, encepha-A virus was isolated in an established cell line, CL2621, in the USA and was designated as the ATCC VR-2332 isolate of the PRRS virus. 21 When inoculated intranasally in pregnant sows, this virus produced reproductive failures similar to those observed under field conditions. 19 Subsequently, Yoon et a1. 76 isolated several other strains of PRRS virus from 19 lung samples of weak pigs from 6 different farms and designated them as MN-l, MN-2, MN-3, etc. These isolates and the Lelystad virus cross-reacted with monoclonal antibodies against the nucleoprotein of VR-2332 strain. Although LV and VR-2332 share common antigenic determinants, they are not antigenically identical. 11, 71 The following have been cited as evidence for PRRS virus being the causative agent of PRRS: 1) isolation of virus from swine farms experiencing an outbreak of the disease, 2) experimental reproduction of the disease in gnotobiotic pigs and subsequent isolation of virus from these pigs 21 3) experimental reproduction of reproductive component of the disease in sows, 19 4) experimental reproduction of respiratory syndrome in young piglets, 65 5) isolation of virus from experimentally infected sows and their fetuses, 6) induction of antibody responses in experimentally infected animals, 7) seroconversion in herds experiencing an outbreak of the disease, 52 
and 8) absence of other infectious agents lomyocarditis virus (EMCV), pseudorabies virus in clinical cases. (PRV), porcine parvovirus (PPV), swine influenza vi-
Many other syndromes have been confused with true rus (SIV), hemagglutinating encephalomyelitis virus PRRS. For example, 2 different disease conditions have (HEV), porcine enterovirus (PEV), porcine cytomeg-been found to exist in Quebec, Canada. 48, 49 One of these alovirus (PCMV), Chlamydia psittaci, Leptospira bra-syndromes is characterized by diffuse proliferative and tislava, L. pomona, and mycotoxins. 14, 36 Of these, atyp-necrotizing pneumonia and is caused by an atypical ical influenza and EMC viruses have received the most influenza A virus. The other syndrome is a true PRRS syndrome caused by the PRRS virus and is characterized by diffuse interstitial pneumonia. The virus isolated from this second syndrome is antigenically related to the Lelystad and VR-2332 viruses. 23
Transmission
Precise information on the incubation period of PRRS is not available, but PRRS appears to spread more slowly within herds than previously thought. A lag time of as long as 37 days has been reported between virus entry and clinically apparent disease. 63 Similarly, symptoms in pregnant sows appeared 28 days after the introduction of infected gilts. 32 In another study, young specific-pathogen-free pigs developed illness within 2 days of contact with infected sows. 72 After experimental inoculation of pregnant sows, litters containing weak and stillborn piglets are delivered as early as 14 days after inoculation. 19 Herds remain infected for at least 2 months after the cessation of symptoms and can thus act as a source of new infection. 64 Pigs have acquired infection from sows experimentally inoculated with the ISU-P strain of PRRS virus 99 days earlier, 79 indicating that recovered, clinically healthy pigs can act as a source of this virus.
Pig movement and aerosols are considered important in the transmission of PRRS. 6, 38 High humidity, low temperature, and low wind speed are believed to be important in the airborne spread of PRRS virus. Contact transmission and transmission by the intranasal route occur on an experimental basis. 19,21, 71 The role of fomites in the transmission of PRRS is not clear. The virus has been found in the urine of infected pigs (K. D. Rossow et al., unpublished) , indicating that pig slurry may be infectious.
Some investigators believe that semen can become contaminated via the viremic blood of acutely infected boars 64 and that this route may be important in PRRSV transmission. Thus, 2 infected boar studs were reported to spread infection in the UK via artificial insemination . 45 When semen from experimentally infected boars was inoculated into seronegative gilts, they developed anti-PRRSV antibodies, although no virus could be isolated from semen (Yaeger, personal communication). In another study, seroconversion in boars occurred as late as 9 months after their introduction to an infected herd, but no virus was isolated from their testicles or accessory sex glands. 8 Recently, however, Lelystad virus was isolated from the genital tract of boars killed 2 weeks after experimental infection but not from tracts of those killed later. 71
Pathogenesis
The pathogenesis of PRRS virus has been studied in pregnant sows and in conventional and gnotobiotic pigs. Collins et al. 22 provided the first evidence that PRRS was caused by an infectious agent. They reproduced the disease in 3-day-old gnotobiotic pigs inoculated intranasally with filtered or unfiltered homogenates of tissues from piglets derived from PRRSinfected herds. Clinical signs included inappetence, lethargy, diarrhea, and rough hair coat at 4 days postinfection (dpi). Although no respiratory signs were seen, interstitial pneumonitis, similar to that seen under field conditions, was present.
The PRRS syndrome was reproduced in 93-day pregnant sows by intranasal inoculation of lung homogenate from infected gnotobiotic pigs. 19 The virus (VR-2332) isolated from experimentally infected gnotobiotic pigs was also used to reproduce the disease in another group of 93-day pregnant sows. The inoculated sows developed transient anorexia, farrowed up to 7 days prematurely, and produced litters with half of the fetuses dead. Abnormal litters appeared as early as 14 dpi, and serum neutralization antibodies were detected at 21 dpi. The virus was isolated from live-born and stillborn piglets but not from autolyzed fetuses. Sows inoculated in midgestation did not experience reproductive failure probably because of differences in the permeability of placenta during mid-and late gestation. 18 Although intranasal inoculation produces transplacental infection, the precise mechanism of reproductive failure is not clear because no microscopic lesions have been seen in fetuses, placentas, or sows. The virus may cross placental barriers in association with maternal macrophages; virus has been isolated from the blood of affected sows.
In 6-day-old colostrum-deprived piglets, intranasal inoculation of LV produced listlessness, anorexia, fever, and gross and microscopic lung lesions. 6o In a study on the pathogenesis of PRRS virus in conventional pigs, no difference was found in the pathogenicity of VR-2332 on pigs 1, 4, and 10 weeks of age except that prolonged periocular edema was unique to 1-weekold pigs 65 (K. D. Rossow et al., unpublished) . Microscopically, the lungs showed interstitial pneumonia for up to 28 dpi. The virus affected lymphoid tissues directly, as evidenced by the presence of necrosis in lymphoid follicles and by the isolation of PRRSV from several lymphoid tissues at 7 and 28 dpi. Necrosis, cystic degeneration, hypertrophy, and hyperplasia of lymph nodes were also observed in 6-, 14-, 21-, and 40-day-old pigs infected in utero with PRRSV (K. D. Rossow et al., unpublished) .
Virology
The viruses initially isolated in Europe and the USA are called, respectively, the Lelystad and the VR-2332 strains of PRRS virus. The Lelystad virus was isolated in primary cultures of porcine alveolar macrophages (PAM) and is an enveloped, spherical virus, 45-65 nm are distantly related to coronaviruses and toroviruses in diameter, with a nucleocapsid of 30-35 nm. 71 The on the basis of genome organization and expression. virus contains a positive-strand polyadenylated RNA Although no serological cross-reaction has been found genome of 15.1 kb and produces a 3' coterminal nested among PRRSV, LDV, and EAV, similar intracellular set of subgenomic RNAs in infected cells. The RNA viral and virus-induced structures have been found by strand is 15,088 nucleotides long and has 8 open read-electron microscopy in cell cultures infected with these ing frames. 46 viruses. 56 The VR-2332 virus was initially isolated in CL2621 Strain differentiation. There is ample evidence to cells. The virus is difficult to visualize in preparations suggest that strain variation occurs in the PRRS virus. containing cellular debris but can be seen in purified viral preparations using negative-contrast electron microscopy. 14, 15, 19 It is a fastidious, nonhemagglutinating enveloped virus with a diameter of 48-83 nm (X = 62 nm) and a nucleocapsid core of 25-30 nm. The density in cesium chloride is 1.18-1. 19. 15 With radioimmu-The existence of apathogenic or low-pathogenicity strains has been suggested. 56, 70 The existence of both acute and chronic forms of the di sease and differential destruction of ciliary movement in swine tracheal organ cultures has also been cited as evidence for the presence of strain variation (H. S. Joo, personal comnoprecipitation, 3 proteins have been recognized in the munication). Also, some PRRSV isolates grow exclu-VR-2332 strain. Of these 15-, 19-, and 24-kD proteins, sively in 1 or the other of the 2 available cell systems the 15-kD protein appears to be the nucleocapsid pro-(PAM or CL2621), whereas some other strains grow tein. 53 equally well in both cell systems. l2 Additional evidence The virus (VR-2332) replicates in the cytoplasm only of strain variation can be found in a recent report in and does not react with antisera against equine en-which animals seropositive to the Lelystad virus were cephalitis, rubella, bovine viral diarrhea, hog cholera, found to be negative for VR-2332 antibody and vice equine arteritis, and other common porcine viruses. It versa. 11 produces intense, diffuse fluorescence in cell cytoplasm. In CL2621 cells, the cytopathic effects start as a small, rounded clump of cells raised above the uninfected cells. The number of round cells eventually increases, and many cells become pyknotic and are detached from the glass in 2-4 days. 15 The virus is stable for 1 month at 4 C and for at least 4 months at -70 C. At 37 C and 56 C, viral infectivity is destroyed within 48 hours and 45 minutes, respectively. 15, 16 Virus Considerable antigenic variation has been shown among 7 PRRSV isolates from The Netherlands, Germany, and the USA. 71 The 4 European strains resemble each other closely on the basis of their reaction with experimental and field sera but differ from their American counterparts. In addition, the 3 US strains (VR-2332 strain and 1 strain each from Illinois and Indiana) are more diverse and differ from each other antigenitally. Although US strains reacted with sera against infectivity drops by 90% at pH < 5 and > 7.
European strains, the European strains did not react The syndromes in the USA and Europe appear to with US antisera. 71 be similar, and the agents isolated from these syn-In another study, North American strains were more dromes are similar. Although a definitive comparison closely related to each other serologically than to the of these viruses has not been carried out, 15 2 mono-European strains. 30 Of the 214 Canadian sera tested, clonal antibodies (SDOW 12 and SDOW 17) produced 154 were positive for antibody to VR-2332 and 22 for against VR-2332 cross-react with LV and with several LV, whereas 44 of 50 sera from The Netherlands were strains of PRRSV isolated in Canada and the USA. 53 positive for antibody to LV and only 11 for VR-2332. 30 However, differences among these strains have also been reported. 13, 71 Immunity
Virus classification. Both Lelystad and VR-2332
Some investigators believe that PRRSV causes imstrains were placed in the genus Arterivirus on the basis munosuppression because 1) secondary infections, e.g., of morphology and genome structure. The genus Ar-pneumonia, arthritis, eye infections, meningitis, diterivirus was recently removed from the family To-arrhea, and infection with PRV, PPV, and SIV, etc., gaviridae and was left as a free-floating genus. 9 On the are common under field conditions and because 2) basis of nucleotide sequence, genomic organization, experimental infection with VR-2332 strain precipiand replication strategy, Meulenberg et al. 46 placed the tates clinical disease in piglets challenged with Strep-Lelystad virus in a newly proposed virus family, Ar-tococcus suis. 31 In contrast, PRRSV infection has been teriviridae. 5 8 The members of this new virus family reported to actually enhance humoral and cell-mediinclude lactic dehydrogenase elevating virus (LDEV), ated immune responses to a variety of antigens, inequine arteritis virus (EAV), and simian hemorrhagic cluding Brucella abortus, Escherichia coli, and PRV, fever virus (SHFV). These are all positive-strand RNA although it did decrease the concentration and funcviruses that resemble togaviruses morphologically but tionality of alveolar macrophages, 47 indicating that PRRSV may cause a local impairment in lung functions but may not be responsible for general immunosuppression. 7 1 Clearly, more research is needed in this area.
A vast majority of recovered pigs are considered immune. Recovered pigs can act as sources of infection because the virus can persist in this population for at least 6 months after the cessation of symptoms. 45, 79 Antibodies detected by indirect fluorescent antibody (IFA) test and immunoperoxidase monolayer assay (IPMA) appear at 1-2 weeks postinfection and can persist for up to 1 year. The relationship between seropositivity and protection is not known, but serum neutralizing and fluorescent antibodies enhance virus replication in vitro. 17 Chronically infected sows may pass maternal antibodies in colostrum. When these antibodies wane, usually in 4-5 weeks, nursery pigs can become infected with PRRSV that is circulating in the herd.
Serology
Various serological tests have been developed to detect anti-PRRS antibody in porcine sera. 33 These tests include IPMA, 71 enzyme-linked immunosorbent assay (ELISA), 1 IFA, 77 and serum neutralization (SN). 30 The IFA test and IPMA detect anti-PRRSV antibody at 8 dpi, but the SN test detects it after 6 weeks, indicating that neutralizing antibodies are slow to develop. 30 Thus, IFA and IPMA are considered the tests of choice in the detection of PRRS antibody and are used routinely in the USA and Europe, respectively.
Serological surveys indicate that the virus is now widely disseminated in the US swine population. In a survey conducted by the National Veterinary Services Laboratory (NVSL), Ames, Iowa, sera were collected from 4,031 sows and boars at slaughter plants in 8 midwestern and north-central states. Of these sera, 384 (9.5%) were positive for anti-PRRS antibody. 44 The prevalence in these states varied from 4.6% to 20%; Iowa (20%) and Minnesota (12%) had the highest seroprevalence. 2 In another study, the NVSL routinely tested 10,167 serum samples from 21 different states in the USA between July and September 1992. A total of 2,743 (27%) samples were positive. Positive samples were from pigs of all ages, but most were from young pigs. In another survey, sera were tested from 396 farms in 17 states as a part of the National Animal Health Monitoring Survey. 50 At least 10 sow or gilt blood samples were collected from each herd. Of the 396 herds tested, 141 (36%) had PRRSV antibody. The prevalence of antibody-positive herds in various states was Indiana, 83%; Michigan, 82%; Iowa, 75%; Minnesota, 41%; Illinois, 33%; Nebraska, 30%; and North Carolina, 20% (E. B. Bautista, unpublished) . No finishing pigs were included in this study. In another sur-vey of seed stock pigs in Minnesota, Seroprevalence in sows and finishing pigs was 12% and 67%, respectively. 42 
Diagnosis
Diagnosis can be made on the basis of clinical signs, serology, histopathology, and virus isolation from sows and/or fetuses. Diagnosis on the basis of clinical signs is difficult to achieve because of variable signs from pig to pig and from farm to farm. Secondary bacterial infections can also complicate the diagnosis. However, PRRS should be suspected if during a 2-week period there is an abnormal number of stillbirths (more than 20% of all farrowings), late-term abortions and premature farrowings exceeding 8%, or an increase of ≥ 25% in mortality of pigs in the first week of life. 27 A sequence of events that can be helpful in diagnosing this disease has been described. 43 A few gilts and/or sows become listless and anorectic and develop moderate respiratory illness and fever (up to 107 F [41.6 C]). Other swine on the farm are then affected. The acute illness is transient but appears to predispose animals to secondary infections. In pregnant swine, recovery from acute illness is followed by serious reproductive complications, e.g., increases in stillbirths and neonatal deaths followed by increased mortality in near-term fetuses and an increase in fetal mummification.
No major gross lesions are seen on necropsy except for dilated heart and enlarged lymph nodes 20,40 (K. D. Rossow, unpublished) . For histopathology, brain, heart, lung, spleen, lymph nodes, and nasal turbinates are good samples. Interstitial pneumonia characterized by alveolar septa thickened with macrophages is a cardinal lesion in this disease. 21, 60 Other viruses that can cause interstitial pneumonia are swine influenza (H1N1 and H3N2 strains), atypical strain of influenza, and porcine respiratory coronavirus. Other infections that can be confused with this syndrome are PRV, EMCV, PPV, PCMV, Leptospira pomona, and L. bratislava. Direct fluorescent antibody (DFA) test on frozen sections of lungs can also be used to make a diagnosis of PRRS. However, fetal tissues do not yield satisfactory results on DFA (D. A. Benfield, personal communication).
The detection of antibodies in fetal fluids or precolostral blood of stillborn and weak pigs and a rise in antibody titers in sera taken 3 weeks apart are another indication of PRRS. Because the prevalence of seropositive finishing pigs in infected herds is high, an infected herd can be identified using a relatively small number of samples, especially after an acute outbreak. Thus, a maximum of 12 paired serum samples from finishing pigs are used in the UK to make a diagnosis.' To achieve a 95% confidence level when the rate of infection is 30% in a herd, a minimum of 9 samples lus, Pasturella, Streptococcus), rhinitis (Bordetella, per barn should be tested from that herd. 51 However, Pasturella), scours (Salmonella), and Chlamydia. it may be appropriate to sample a larger number of One method to control PRRS is to avoid the introsows than young pigs because sows have a lower sero-duction of virus into the herd by quarantine and testing prevalence than do the finishing pigs. 42, 45, 68 A mini-of incoming pigs, restriction of visitors, change of boots mum of 30 sows per barn has been recommended. and clothes after marketing hogs, keeping stray animals Seroconversion can be determined by using SN, IFA, and rodents away, and cleaning trucks used to haul IPMA, or ELISA tests. The IPMA titers develop as hogs to the market. However, because PRRS is an early as 1-2 weeks postinfection and reach a peak of airborne infection, as evidenced by the entrance of the 1:40,000 at 5-6 weeks postinfection. Antibodies persist disease in high-security minimum-disease units in The for up to 1 year in sows, with some sows becoming Netherlands, the above control procedures cannot be seronegative in 4-6 months. However, current seroguaranteed to keep the virus out of a herd. logical tests for 1 particular strain of the virus may not
Other control measures that have been recommendalways be sensitive in the detection of other strains. 11, 71 ed by the European Community 4 during an acute out-Also, serology cannot always be relied on for the dibreak are 1) breed extra sows and maintain extra gilts, agnosis of viral infections and has often been abused. 34, 69 2) dispose of placentas, fetuses, and dead piglets from For example, all animals do not seroconvert during an all abortions and premature farrowings properly beoutbreak. In 1 herd, 8% of the sows remained serocause they may contain large quantities of virus in negative. 71 Similarly, the pigs can be viremic but se-lungs, blood, and other organs, 41 3) farrowing quarters ronegative at early stages of infection.
should be cleaned thoroughly after abortion and pre-For virus isolation, numerous samples from pigs of mature farrowings, 4) entrances and exits of the breedvarious ages should be submitted. A weak pig or an ing house should be disinfected and movement of acutely infected pig with respiratory signs in the farbreeding pigs to noninfected holdings should be rowing house is a good candidate for virus isolation. 60 stopped, and 5) all transport vehicles must be thor-Lungs, spleen, lymph nodes, and serum are appropriate oughly sealed and disinfected. samples for virus isolation. Serum and plasma are better than buffy coat cells for virus isolation. The PRRSV has been isolated. from sera of PRRSV-inoculated pigs for up to 41 dpi despite the presence of high titers of antibody (IFA titers ≥ 1:1,280). 65, 66 Lung, spleen, heart blood, and thoracic fluids of stillborn and aborted fetuses are also adequate for virus isolation. The virus can be isolated from lungs, serum, plasma, and buffy coat cells for 6-8 weeks after infection 55, 60 and has been isolated from tissues frozen for 2-4 years. 30 Autolyzed and mummified fetuses are not suitable for virus isolation. 19 The virus can be propagated in PAM or in CL2621 cells, but PAM appear to be the most suitable for the isolation of many PRRSV isolates, especially from se-Two-or 3-site production on farms and routine serotesting to monitor the herd status and refine management practices have also been suggested as control measures for this disease. 41 Age segregation and all-in all-out systems of pig raising are recommended to break the cycle of spread from older to younger animals. The cycle of infection in the nurseries can be broken by offsite early weaning, all-in all-out nurseries, change in weaning intervals, and medicated early weaning. Because of long-term viremia in this disease, steps should be taken to prevent reinfection of a negative herd.
In addition, the sources of replacement stock should be kept at a minimum, and the breeding stock should be bought from herds with no history of PRRS. The sows should be moved to the farrowing house 2 weeks rum samples. 12 The presence of antibodies may enearly in case there is premature farrowing. Neonatal hance virus uptake by macrophages, because they posmortality can be reduced by supportive treatment. Sows sess Fc receptors. 17 A cloned line of MA-104 cells who have lost their litters should be served only at the also supports the growth of PRRSV (H. S. Joo, personal normal weaning time to minimize a disruption in "pig communication).
flow" and because sows have low fertility at first estrus following abortion/premature farrowing.
Prevention and control
Future needs Efforts to control PRRS have largely been unsuc-Although acute outbreaks of PRRS have decreased cessful because of the lack of a convenient diagnostic in number, we should not be complacent about this test, the airborne spread of the virus, the existence of disease because the chronic, endemic form of the dissubclinical infections, and the persistence of the virus ease is still creating problems for swine herds. There in infected populations. 45 There is no vaccine available. are many unanswered questions about this disease, Treatment should consist of supportive therapy for e.g., the length of virus persistence in pigs and on farms; secondary infections such as pneumonia (Haemophithe mode of virus spread within herds and between farms; carrier rate in recovered animals; the effect of virus on growth rate of fattening pigs; long-term effects of virus on sow fertility; strain variation and its effects on vaccine development; viral immunosuppression/ immunomodulation; the development of rapid and accurate diagnostic methods; and virus survival in meat, environment, and animal slurry. It is also not known if PRRSV can infect and cause disease in humans and other animals. Intensive research to obtain answers to the above questions is required to effectively control this disease.
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